Data reduction of Stormfury 1965 cloud observations made from research flight facility aircraft by Levine, Joseph
WOODS HOLE OCEANOGRAPHIC INSTITUTION 
Woods Hole, Massachusetts 
REFERENCE NO. 66-50 
DATA REDUCTION OF STORMFURY 1965 CLOUD OBSERVATIONS MADE 
FROM RESEARCH FLIGHT FACILITY AIRCRAFT 
by 
Joseph Levine 
September 1966 
FINAL REPORT 
Submitted to Environmental Science Administration 
under Contract CWB 11255,, 
Reproduction in whole or in part is permitted 
for any purpose of the United States Government. 
In citing this manuscript in a bibliography, the 
reference should be followed by the phrase: 
UNPUBLISHED MANUSCRIPT, 
Approved for Distribution • IV 	 ' 
	
1111 1111tali 	 - - 
Claes G. H. Rooth 
Assistant Chairman 
ABSTRACT 
An outline of work done at the Woods Hole Oceanographic Institution with 
National Science Foundation support since 1963 on cumulus convection as 
related to larger scale atmospheric motions is given. 
In addition a preliminary analysis of the meso-scale wind field as derived 
from aircraft Doppler wind observations taken during one day of the Stormfury 
1965 operation is described. Such facts as scale and magnitude of meso- 
scale divergence and vertical velocity in the trades are inferred. 
INTRODUCTION 
Inasmuch as the atmosphere is an extremely complex physical system, we 
must lean heavily on observations as well as theory in endeavoring to 
understand its behavior. In keeping with this notion, the study of cumulus 
convection in the context of the atmosphere's larger scales of motion was 
started with a field trip during August 1963 based at Barbados. 
Furthermore, since the atmosphere is so large a system and requires 
the observation of so many different physical quantities, comprehensive data 
coverage can only be achieved by the collaboration of many people and the 
use of considerable equipment. Therefore, in pursuing my work, I have 
tried to work with other people doing field work on an informal basis. 
In return for my cooperation, I have expected the people that I work for 
or with to supply me with supplementary information and assistance. By 
not becoming involved with the management of large numbers of people and 
large equipment such as aircraft, I am left free to think about the 
scientific details. 
In particular, since August 1963, I have been doing field work under the 
supervision of Dr. Joanne Simpson, who has permitted me considerable 
latitude in the conduct of my work. For the August 1963 field trip to 
Barbados, I handled the details of preparing the Woods Hole Oceanographic 
Institution's C-54 and then took part in the observational work. During 
this field trip, we did some limited multiple aircraft work with the 
Weather Bureau's Research Flight Facility DC-6's. Because of the heavy 
work load, I was only able to analyze our own data. Also, the time 
available for preparing the C-54 was too limited to insure proper operation 
of all the instruments. 
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The data obtained during the Barbados expedition with the C-54 was 
combined with data obtained earlier with the C-47. Ever since I came to 
Woods Hole, I have been apalled by the stupefying amount of routine data 
reduction required after a field trip; and concurrently, I have always 
looked for ways to avoid it. The digital computer supplied a way to do 
it. Since all of these data were in the form of analogue records, I 
wasn't able to take full advantage of it. However, I did learn to use 
a digital computer in the process of analyzing the above data for the 
observational part of my Ph. D. thesis (1965). 
Immediately after completion of my Ph. D. work, I took part in the 
Stormfury 1965 expedition also under Dr. Joanne Simpson's supervision. 
For this field trip we managed to have my hot wire instrument system 
installed on both the ESSA Research Flight Facility DC-6's. On this 
field trip, we were able for the first time to approach the desired 
comprehensive data coverage. The outputs from my cloud instrument, a 
vertical accelerometer, and the Rosemount instrument were recorded on 
oscillograph recorders. Pressure, altitude, pitch, roll, air speed, 
water vapor content, and vortex thermometer temperature were recorded 
on magnetic tape at one second intervals. 
Handling such large masses of data by hand becomes so impossible a 
chore that one is forced to use a digital computer. Here my previous 
experience with the computer came in handy, but we were still faced 
with the problem of combining the oscillograph records with the 
magnetic tape data. A Benson-Lehner machine for converting analogue 
records to punched cards, available at Woods Hole, was used to digitize 
the records. Magnetic tapes compatible with the GE-225 and Fortran 
derived from the aircraft magnetic tapes were kindly supplied by the 
National Hurricane Research Laboratories. A program for combining the 
punched cards and magnetic tape data on a single tape was made. Then 
- 3 - 
a program for computing the important cloud variables such as liquid water, 
content, volume median, drop diameter, and turbulent vertical velocity 
was made up to put the results on ,a final magnetic tape, from which a 
hierarchy of interpretative computations may be programed. 
2. 	 Some preliminary analysis of the Stormfury 1965 Doppler wind data. 
A crucial aspect of the study of cumulus cloud interaction with 
larger scales of motion is observation of the wind field. An important 
incentive for joining ; 
 forces with the ESSA Research Flight Facility was 
their Doppler wind system and their digital tape recording equipment. 
With their help we were able to observe the winds and other large scale 
variables along with the small scale cloud variables. Thus with these 
observations it is now possible to evaluate momentum, heat, and water 
vapor exchange with the
- large scale wind field. Also, the details 
of cloud motions and cloud liquid water content may be related to the 
meso-and synoptic scale horizontal divergence fields of motion and water 
vapor transport. 
Since the Doppler wind system is a relatively new device, its 
precision limitations are not yet known. Actually, neither are the 
accuracies of the other aircraft instruments too well known. However, 
as these instruments are used in the field, their characteristics will 
become apparent. Some idea of wind accuracy may be obtained by seeing 
how reasonable the wind field looks. 
Since winds and the other observations were recorded at intervals 
of 10 seconds or 1 second on the magnetic tape, the data are much too 
dense to be plotted unless spot samples or averages over a specified 
time interval are taken. Spot samples are not satisfactory, because 
errors or turbulent fluctuations tend to obscure the larger scale structure. 
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Fortunately, with the data on tape, it is easy to perform an averaging 
or smoothing process with a digital computer. For synoptic scale features 
the data were averaged at 1000 second intervals which yielded observations at 
intervals of 100 km of flight path. For meso-scale features, a 200 second 
interval (20 km distance) was found to be satisfactory. To eliminate 
periods with excessive flight path curvature intervals with a straight line 
distance between end points less than .7 of the maximum possible straight 
line distance were omitted. Thus, the best possible Doppler winds were 
used since the Doppler navigation system doesn't function too well during 
sharp turns. 
Detailed consideration of the synoptic scale data has been deferred until 
a later date when Rawin and Pibal observations will be available, but the 
west to east (u) and south to north (v) meso-scale wind components have 
been plotted. In order to show meso-scale circulation features, I assumed 
as a first guess that they were probably being advected with the strong 
easterly current. Therefore, I established 1600Z as the reference time 
and moved each observation a distance equal to its time difference times 
the average over both levels of the easterly current velocity. 
The results are given in figures 1 and 2 for August 5, 1966 at the 
10,000 and 20,000 foot levels. Lines of equal u component (solid lines) 
and equal v component (dashed lines) have been drawn at intervals of 
1 knot. 
Some notion of the wind component accuracy may be inferred from paired 
values very close together in space and time (20 kilometers and 3 minutes, 
respectively). Several of them are contained in Table I. 
Table 1 
Paired values of 200 second averages of (u,v) near each other in space 
and time 
At 10,000' At 20,000' 
(-8.4, 2.2), 
	 (-8.6, 2.7) (-13.1, -1.1), 	 (-1k.4, 
	 -1.1) 
(-10.2, 1.9), 	 (-8.7, 1.7) (-16.3, -1.4), 	 (-9.9, 	 -.8) 
(-7.8, .3), 	 (-10.8, -.4) (-8.0, -.7), 	 (-13.7, 
	 -1.1) 
(-12.5, -.6), 	 (-10.1, 	 -1.3) (-10.6, -.9), 	 (-12.8, 
	 -1.1) 
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An attempt to plot the wind field around a cloud at the 10,000' level 
showed a fictitious drift of a .1 of a degree in position between the first 
and last cloud run. Therefore, this work was temporarily abandoned. It is 
possible that by proper corrections something could be gleaned from the 
winds and related to a particular cloud grove or line. 
There is no obviously distinct relation of the patterns at the two 
levels. There are two distinct maxima and one minimum in the easterly wind 
component at the 10,000' level. At the 20,000' level there is one distinct 
maximum and two minima in the easterly wind component. A case could be 
made for minima at the 20,000' level matching roughly the maxima at the 
10,000' level. Then regions of divergence at one level roughly tend to 
match regions of convergence at the other. 
The horizontal scale of separation of maxima and minima is about 
150 km. The distance over which the easterly wind component slows down 
or speeds up is therefore about 75 km. In a region of convergence at the 
10,000' level centered roughly at latitude 14. 6 and longitude 65. 4W the 
velocity difference is 3 knots, so that the convergence is about 2x10
-5 sec. -1 
At the 20,000' level a center of divergence at about latitude 14. 8 and 
longitude 65. 7W has an easterly velocity component difference of 9 knots 
or a divergence of 6x10 -5 sec. -1 . The corresponding estimated magnitudes 
-1 
of the vertical velocities are 6 and -36 cm sec. , respectively, if these 
convergent and 'divergent circulations extend down to the surface. However, 
the divergence could be associated with the convergence at the lower level, 
which could be indicative of a much smaller negative or even positive 
vertical velocity at 20,000'. 
-6- 
In conclusion the above results appear encouraging enough to justify 
more work with the Stormfury 1965 data. Also a case can now be made for 
more systematic flight patterns covering regions of the tropics to establish 
the synoptic and meso-scale wind field because the data analyzed here were 
only obtained incidentally in the course of looking for seedable clouds. 
The relation of the cloud and wind data is yet to be done. The details 
of the cloud data reduction are covered in my final report to ESSA (1966). 
There is also the possibility of relating the cloud fields as given in 
aircraft and satellite cloud photographs. 
3. 	 Publications. 
A brief article on "Cloud Physics" has been published in the "Encyclopedia 
of Physics" edited by Besancon (1966). I have submitted two papers to the 
Journal of Atmospheric Science+, based on Parts II and III of my Ph.D. thesis 
(1965). One of these papers has been returned for revision and the other is 
still being reviewed. 
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Figure 1. Mesoscale circulations at 10,000' at 16PME August 5, 1965. 
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Figure 2. Mesoscale circulations at 20,000' at 16S2P...77:7' August 5, 1965. 
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